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SUMMARY 
This Working Paper describes the implementation of a model 
developed by R. Domanski and A. Wierzbicki. The first part con- 
tains a brief description of the model. The second part is directed 
to the user of the simulation system and contains all information 
required to produce simulation runs. The remaining parts are a 
technical documentation for those who want to modify the system 
or adapt it for different computers. The internal structure of 
the system is explained, hardware and software requirements for 
its installation are specified and possible modifications and 
extensions are indicated. An appendix contains the source listings 
of all programs. 
CONTENTS 
SUMMARY iii 
1 .  THE MODEL 
1 . 1  Overview 
1 . 2  Population 
1 . 3  Employment in Other Sectors 
1 . 4  Employment in Services 
2 .  USING THE SIMULATION SYSTEM 
2 . 1  Components of the System 
2 . 2  Program Restrictions 
2 . 3  Running the Simulation Program 
2 . 4  Utility Programs 
3 .  STRUCTURE OF THE SIMULATION PROGRAM 
3 . 2  Major Components of the Program 
4.  UTILITY PROGRAMS AND RESULT FILE 
5 .  PORTABILITY CONSIDERATIONS 
5 . 1  Software Requirements 
5 . 2  Hardware 
6 .  POSSIBLE IMPROVEMENTS OF THE PROGRAM 
6 . 1  Computational Speed 
6 . 2  Different Geographical Structure 
6 . 3  Different Initial States 
Appendix 
References 
IMPLEMENTATION OF A MODEL OF SERVICE LOCATION 
R. Vetschera 
1. THE MODEL 
1.1 Overview 
The model is used to describe the development of services 
in a network of N villages. Different types of service with dif- 
ferent times of introduction and different employment effects 
are analyzed. The development is also influenced by two other 
sectors of the economy: industry and intensive agriculture. 
The state of the model at time t is thus described by three 
variables: 
PX, t .... population in village x at time t. 
EV . . . . employment in industry (v = 1 ) or intensive 
xtt agriculture (v=2) in village x at time t. 
E~ .... employment in service u in village x at 
xtt time t. 
The model will start from an exogenously given state (Pot 
EV E ~ )  at time t = 0. The dynamic development of the model is 0' 0 
governed by three equations. Each of these equations determines 
the change of one state variable. 
Changes in population are influenced by the natural growth 
rate of population r and migrations M within the network: 
x,t 
Employment in industry and intensive agriculture depends on 
the employment in the previous period and changes aV which are 
xt t 
generated by an occupational employment mechanism: 
Employment in services is modified in a similar way: 




The potential of migration M in one village comprises 
x,t 
all people affected by changes in employment and their dependants: 
This potential migration has to be modified to ensure that the 
sum of migration flows within the network is zero: 
This migration plus the natural growth rate r of population de- 
termine the size of population in the next period of time as de- 
fined in equation (1.1-1). 
1.3 Employment in Other Sectors 
Changes in the employment in intensive agriculture and in- 
dustry correspond to the unemployed labour force at time t: 
where 6; is a parameter indicating the use of the total unemployed 
1abou.r force for employment in sector v in village x. If 6"s 
A 
zero, the employment E: will remain at the initial level E:,~. 
1.4 Employment in Services 
There are three phases of development of services in the 
mode 1 : 
(a) a service u is not introduced before a specific point 
in time tUO. For tctUO, employment in service u is 
kept at zero level. 
(b) in some villages theserviceis randomly introduced at 
time t=tUO . 
(c) for times t>tuO , two possible cases must be considered: 
(cl) a service u already exists in a village x and E~ is X 
modified according to the demand for that service. 
(c2) if the service u does not yet exist in village x, it 
might be newly opened. 
So there are two basic mechanisms determining the employment in 
services: an opening mechanism, which is used in phase (b) and 
(c) and an employment modification mechanism, which is used in 
phase (c) . Furthermore, there are differences in the opening of 
services in phase (b) and (c). 
A new service will be introduced at time t=tuO (phase b) 
at a fixed level of employment in randomly chosen villages. 
The probability that a new service will be introduced in village 
x is 
where 
u y and are parameters 
N is the number of villages 
X is the set of all villages ({I, ..., N)) 
and 
is the existing level of other service5 in village x. 
When an existing service is to be modified, (phase cl) the 
first step is to calculate the attractiveness of all services ex- 
isting in village x for people living in all other villages, y as: 
- 
u E~ Ex,t +fiJUA~U xtt 
a 
if E~ > 0 and dxy Do d xtt (1.4-2) A = XY 
where A- D and a are parameters and d is the distance be- 
uu ' 0 XY 
tween x and y. This attractiveness is compared with that of other 
villages x to the same village y, giving the relative attractive- 
ness 
The number of people attracted from village y to village x 
u is therefore P 
y lt'qx~ 
and the total employment needed to satisfy 
the demand encountered in village x is 
u 
where q is a parameter for service u. 
Actual employment at time t+l will differ from D: due to two 
influences: 
(1) It is assumed that employment will not exactly be 
changed by the difference required to reach Dl, but the 
changes in employment may over- or under-react to changes 
in demand thus: 
where a is a parameter indicating the precise reaction 
(a = 1 ) , over-reaction (a > 1 ) or under-reaction (a < 1 ) . 
(2) There is a minimum level of employment for each kind 
of service which is defined as b E ~ O .  EU0 is the initial 
level of employment at which the service was started and b 
is a parameter. If demand falls below the level correspond- 
ing to minimal employment, the service is shut down com- 
pletely and E:, t+l is set to zero. 
The opening of a new service after time t (phase c2) com- 
uo 
bines both the mechanisms described above. First, a hypothetical 
attractiveness is computed in a similar way to (1.4-2) and (1.4-3), 
uo 
using the starting size E as a service size: 
This estimated attractiveness is used to calculate the possible 
size of employment in a new service u: 
uo Opening a new service is considered worthwhile if 3; > E . 
Whether the service will actually be opened is determined by a 
random procedure. The probability of opening the service is 
computed in a way similar to (1.4-1): 
If the service is to be opened, employment in it is set to Eu 
x* 
2. USING THE SIMULATION SYSTEM 
2.1 Components of the System 
The simulation system, which implements the model described 
in chapter one consists of two sets of programs: 
--The first set contains the actual simulation program. 
This program performs all the calculations specified in 
the model and stores the successive states of the model 
in a result file. 
--The second set contains utility programs, which process 
the result file and print various reports. 
The separation of actual simulation and the generation of output 
enables the user to produce more detailed outputs only for those 
runs for which they are really needed and without rerunning the 
simulation program for each type of output required. 
2.2 Program Restrictions 
Both the simulation program and the utility programs have 
been developed for a specific version of the model and are based 
on some assumptions of that version. In comparision with the 
general model described in chapter one, these assumptions lead 
to three restrictions of the system: 
(a) The size of the model is limited to up to 36 villages 
and up to five services. 
(b) A specific geographical structure of the network (as 
described in 3.1.3) is assumed and the distance between two 
villages is computed according to that structure. 
(c) The initial state of the model is defined as 
P = Po for all villages 
xto 
v 
Ex, 0 = 0 for all villages 
2.3 Running the Simulation Program 
The simulation program SIM is used to generate simulation 
runs. It will read allparameters required for the run from a 
file called PAR and will produce a result file named OUT. Mes- 
sages for the user will be written to the standard FORTRAN out- 
put unit (the terminal in the UNIX system) . 
2.3.1 I n p u t  t o  t h e  S i m u l a t i o n  Program 
All input to the simulation program is contained in the pa- 
rameter file PAR. This file consists of several lines. Most 
lines contain one or more parameters written in free format and 
separated by commas (lines requiring a special format are indi- 
cated in the following description). The contents of each line 
are : 
line contents 
1 nr of villages N, nr of services U, nr of other 
sectors V 
2 atDotatb 
3 k,r,Po (initial population size of each village) 
4 E ~ O  for all services 
5 tuO for all services 
6 u $lt+2ty(if $lx is to be specified for each individual 
village and service, a value < 0 for must 
be specified in this line. In this case, the 
line is followed by N additional lines, one for 
each village. Each of these lines contains U 
values specifying $ for the village and the 
U services. In numdfring the following para- 
meter lines, it is assumed that these lines 
are not present. ) 
7-1 1 A- (each line contains the U values corresponding 
uu to 1 value of G )  
12 qU for all services 
13-14 These lines are used to set the a:, line 13 for in- 
dustry (v=l) and line 14 for intensive agriculture 
(v=2). They must be written in a fixed format. Their 
contents are: 
column content 
1-05 value of 2: if sector v occurs in a village 
6 blank 
7-42 N indicator values (0 or 1 ) for the vil- 
lages. If sector v is to occur in a vil- 
lage,1 must be specified. If it is not 
to occur, 0. 
15 Starting value for the random number generator (a large 
integer number). Different starting values will lead 
to different results in the randomized opening of new 
services. 
16 Number of periods to be simulated. 
The program does not perform any checks on the parameters. 
When parameters or the structure of the parameter file are incor- 
rect, computational errors may cause the program to terminate ab- 
normally. 
A sample parameter file is shown in figure 2-1. 
Figure 2 - 1 .  Parameter file for the simulation program. 
2 . 3 . 2  O u t p u t  from t h e  S i m u l a t i o n  Program 
Output from the program consists of two parts: a result 
file OUT and messages on the standard output device. 
The result file contains information about parameter set- 
tings for the simulation run and the successive states of the 
model. Its contents are used by the utility programs for gener- 
ating output listings of the simulation. 
The simulation program will write the following messages 
on the standard output device: 
PROCESSING TIME T = t  
This message is issued every time before calculations for 
a new period t will begin. 
MIGRATION ERROR, SUM=s 
This message is printed when, due to rounding errors, the 
sum of all migration flows in the model exceeds a threshold value 
(normally 0 . 0 0 0 0 0 0 1 ) .  Calculations will proceed after the message 
is written. 
2.3.3 Time and Space Requ i remen t s  
On a CDC Cyber 170 -720 ,  the program needs about 16k words 
(CM 40000  octal) of main storage. The CPU time required for a 
simulation run of 5 0  periods is about 450 seconds (T 7 0 0  octal). 
2.4 Utility Programs 
2.4.1 Types  o f  Ou tpu t  
Two types of output can be produced from the result file: 
maps and time paths. 
A map shows the spatial distribution of one state variable 
at one point of time. The programs used to produce maps will 
print sets of maps for several variables and periods. As an ex- 
ample, a map of the population at time 5 0  is shown in figure 2-2. 
A time path represents the development of one village and 
contains all state variables of the village for all periods of 
time. An example of a time path is shown in figure 2-3. 
In addition, all utility programs produce a listing of the 
simulation parameters as shown in figure 2-4. 
2.4.2 Running t h e  U t i l i t y  Programs 
There are five utility programs which can be used to pro- 
cess the result file. Their names and functions are: 
name output produced. 
ALLVL time paths showing the individual development 
of each village. 
LONG maps showing the spatial distribution of pop- 
ulation, employment in services and employment 
in other sectors. 
SHORT maps showing the spatial distribution of pop- 
ulation and employment in other sectors. 
SUMRY time path for the whole system 
VLIST time path showing the individual development 
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SETTLEMENT NETWORK MODEL 
SETTING OF PARAMETERS: 
NR OF VILLAGES: 3 6 
NR O F  SERVICES: 5 
NR OF OTHER SECTORS: 2 
SPACE WEIGHT ALPHA; 2 ,  
INFLLIENCE RANGE DO : 5. 
REACTION LEVEL A: .5 
CLOSING LEVEL. B: e . J 
FAMILY S I Z E  K :  3. 
POPLlLATION GHOU'TH RATE 1. X 
I N I T I A L  POPULATION S1ZE:SOO. 
I N I T I A L  SERVICE S I Z E S :  5 , 0 0 0 0 0  1 0 . 0 0 0 0  1 5 . 0 0 0 0  2 0 . 0 0 0 0  2 5 . 0 0 0 0  
STARTING TIMES: 0  5 1U 15 20 
PROBABILITY LEVEL P S I I :  ,166667 
PROBABJLITY LEVEL P S I 2 :  l . E + 3 0  
CLUSTERING GAMMA: IOU.  
EMPLOYHENT/DEHAND U N I T :  ,L\UOOUOE-02 ,700000E-02  ,120000E-01  .170000E-01  .200OOOE-01 
Figure 2-4. Listing of parameters. 
All utility programs use a common set of subroutines, which are 
also included in the utility program file. 
The utility programs process a result file and produce a 
listing on an output file. The names of both files may be speci- 
fied by the user. The programs use FORTRAN units 5 and 6 for com- 
munication with the user. The following input will be requested 
interactively: 
request required response 
RESULT FILE NAME name of the 'OUT' file produced by the 
simulation program. 
LIST FILE NAME name of the file to receive the listing 
produced. 
PRINT INTERVAL time interval between two maps. Maps 
will be produced for those periods t 
for which t is an integral multiple of 
the interval specified, (e.g., if 5 is 
specified, periods 0,5,10,15 ,...will be 
printed). This input is required for 
programs LONG and SHORT. 
VILLAGE NUMBER number x of the village (1 to 36) for 
which a time path is to be printed. 
This input is required for program 
VLIST. 
All responses may be entered in free format. 
3. STRUCTURE OF THE SIMULATION PROGRAM 
The simulation program consists of the following modules: 
module name purpose 
S IM main program, main simulation loop for t. 
PARSET input of simulation parameters. 
INIT generation of the initial state of the model. 
STEP controls the calculations for one period. 
STOUT output of the state for one period 
GEMPSV generation of employment in services for t +  1. 
GEMP I I generation of employment in intensive 
agriculture and industry for t+l. 
GPOP generation of population for t+l. 
UPDT updating of status vectors from t to 
t+l. 
NEWSER randomized generation of new services. 
DIST distance between two villages. 
In addition, IMSLIB routine GGUBS is used to generate random num- 
bers. 
The interconnection between these routines is shown in 
figure 3-1. 
; c ------ -I ---- +--- I 
I I -I------- I I I t------ I----- 1 I I STOUT I NEWSER GEMPSV GEMPII GPOP UPDIT 
I 
GGUBS 
Figure 3-1. Interconnections of modules. 
3.1 Major Components of the Program 
3.1.1 Overall Structure of the Simulation 
All calculations in the model are based on the current state 
as specified by the variables Pt, E:, E:. It is therefore neces- 
sary to keep these variables unchanged while the new state vectors 
u v 
Pt+l, Et+l, and Et+l, are computed. In the simulation program, 
three additional vectors PI, EU1 and EV1 are used to store the new 
state values, and only after all calculations have been completed, 
these vectors are copied into the actual state vectors, thereby 
moving the model into the next period. 
3.1.2 Genera t ion  of EmpZoyment i n  S e r v i c e s  
There are two routines which are involved in changing the 
employment in services: GEMPSV and NEWSER. 
Routine GEMPSV performs the deterministic part of the modi- 
fications. It will perform modifications in existing services 
(including the closing of services) and calculate the level at 
which a new service should be opened. The level of a new service 
uo is either E for t = tuO or the estimated level sU for later pe- 
X 
riods. Both the modified levels of existing services and the lev- 
els at which new services can be opened are stored in EV1. (This 
is possible as the sets of villages involved in these two cases 
form a partition of the set of all villages). 
Routine NEWSER randomizes the opening of new services. For 
each village, the probability of opening the service is computed 
and a random number between 0 and 1 is generated. If the random 
number is less than the probability, the service is opened. If 
it is greater, the service will not be opened and employment for 
t +  1 is set to zero. The routine can determine easily, by looking 
at the current staterwhether a service is to be opened or modified 
in the village. If E~ is zero, an opening might occur, other- 
x,t .. 
wise an existing service is modified and the value for E~ x,t+l as 
computed by GEMPSV is left unchanged. 
3.1.3 Dis tance  Between Two ViZZages 
It can be thought that the villages in the network are at 
the points of a grid as shown in figure 3-2. A move from one vil- 
lage to the next is equivalent to a relocation by one row and one 
column (type 1 move) or no row and two columns (type 2 move). 
Each type of move corresponds to a distance of 4 kilometers. 
The distance d between two villages vl and v2 is computed 
as the shortest path between the two villages. This shortest path 
is determined by the following method: 
co l umn 0 1 2 3 5 6 7 8 9 1 0 1 1  
r o w  
0 +---1---+---2---+---3---+---C---+---+---S---+--- 6 
I I I I I I I I I I I I 
i 7---+---0---+---9---+--10---+--11---+--12---+ 
I I I I I I 1 I I I I 
+--13---+--14---+--15---+---+-- 16---+-- IT---+-- I 2 18 
I I I I I I I I I 1 I 1 
3 19---+--20---+--21---+--22---+--23---+--2~---+ 
I I I I I I I I I I I I 
4 + - - 2 5 - - - + - - 2 6 - - - + - - 2 7 - - - + - - 2 9 - - - +  . 
I I I I I I I I I I I I 
!i 31---+--32---+--33---+--34---+---+--35---+--36---+ 
F i g u r e  3.2.  L o c a t i o n  o f  v i l l a g e s  i n  a  g r i d .  
L e t  vl b e  l o c a t e d  a t  ( x 1 , y l )  and v2 a t  ( ~ 2 ~ ~ 2 ) .  
I f  1x1 -x21  - > l y l  -y21  t h e n  v2 c a n  b e  r e a c h e d  from v l  b y  
1x1 -x21  moves  o f  t y p e  1 .  
P r o o f .  From t h e  s t r u c t u r e  o f  t h e  network i t  c a n  be  s e e n  
t h a t  
(3.1-1)  lyl  - y 2 )  = 2 k +  (1x1 - x 2 (  mod 2 )  
where 
The d i s t a n c e  ly l  - y 2 1  c a n  be covered  by 2k moves o f  t y p e  1 i n  
which t h e  y - c o o r d i n a t e  i s  changed by s i g n ( y 1  - y 2 ) ,  and  
( - k moves o f  t y p e  1 ,  i n  which y  is changed f i r s t  
by 1 and t h e n  by - 1 ,  l e a v i n g  i t  unchanged a f t e r  t h e  two moves. 
I f  yl-y2 i s  odd,  x l  - x 2  is odd,  t o o ,  and a  f i n a l  move o f  t y p e 1  
w i l l  change b o t h  t h e  x  and t h e  y  c o o r d i n a t e  t o  t h e  d e s i r e d  
v a l u e s .  
This method will generate a path of the shortest possible 
length because it will take 1x1 -x2( moves and at least 
1x1 -x2( are required to cross the distance in rows between vl 
and v2. 
If lyl - y2 ) > 1x1 - x2 1 ,  we may write 
(3.1-2) Iyl -y21 = 2 1 -  + (1x1-x2I mod 2) + Zn, n.0 
as the distance between two neighbouring villages in a row is 
two columns. The distance of 
2 1-1 + (1x1 -x2l mod 2) 
is covered by 1x1 -x21 moves of type 1 as shown above, the re- 
maining distance in y is covered by 
moves of type 2, giving a total of 
moves of 4 kilometers each. 
4. UTILITY PROGRAMS AND RESULT FILE 
The utility program set consists of five main programs and 
two common subroutines. The connection between subroutines and 
main programs is shown in the following table, where an x indic- 
ates that a subroutine is used by a main program. 
main pgm. subroutines 
MAP PRTPAR 
ALLVL x 
LONG x x 
SHORT x x 
SUMRY x 
VLIST x 
Subrou t ine  MAP i s  used t o  p r i n t  a  map of t h e  network of  v i l -  
l a g e s  on t h e  o u t p u t  f i l e  which i s  r e f e r e n c e d  v i a  u n i t  number 2 .  
The map c o n t a i n s  s i x  l i n e s  of  numbers, s e p a r a t e d  by two b lank  
l i n e s .  Above and below t h e  map, two b lank  l i n e s  a r e  w r i t t e n .  
The r o u t i n e  r e q u i r e s  two paramete r s :  
pa ramete r  tYpe d e s c r i p t i o n  
1  i n t e g e r  number o f  v i l l a g e s  t o  be 
p r i n t e d ,  ( u s u a l l y  36) . 
(36)  r e a l  v e c t o r  of  v a l u e s  t o  be 
p r i n t e d .  
S u b r o u t i n e  PRTPAR opens t h e  r e s u l t  f i l e  and t h e  l i s t  f i l e  
and p r i n t s  t h e  pa ramete r  v a l u e s  s t o r e d  i n  t h e  r e s u l t  f i l e .  Para-  
u  
meter q  , which i s  used by program SUMRY, i s  s t o r e d  i n  a  common 
block c a l l e d  PARAM. 
The names of t h e  f i l e s  a r e  r eques t ed  from t h e  u s e r .  The 
r e s u l t  f i l e  is. opened w i t h  u n i t  number one ,  t h e  l i s t  f i l e  w i t h  
u n i t  number two. U n i t  numbers f i v e  and s i x  a r e  used f o r  communi- 
c a t i o n  w i t h  t h e  u s e r .  
The r e s u l t  f i l e  c o n t a i n s  15 r e c o r d s  w i t h  pa ramete r  v a l u e s ,  
fo l lowed by r e c o r d s  c o n t a i n i n g  t h e  s u c c e s s i v e  s t a t e s  of  t h e  model. 
The c o n t e n t s  o f  r e c o r d s  1  - 1 5  a r e  
r e c o r d  c o n t e n t  
n r  o f  v i l l a g e s ,  n r  of s e r v i c e s ,  n r  o f  s e c t o r s .  
tuO 
1 ' 4 J 2 l Y *  
AnU(record  7 f o r  u = l ,  ..., r e c o r d  11 f o r  u = 5 ) .  
qu 
2; ( r e c o r d  13 f o r  v = l ,  r e c o r d  1 4  f o r  v = 2 ) .  
s t a r t i n g  v a l u e  f o r  t h e  random number g e n e r a t o r .  
Each of the following records contains a time index t and 
v E~ and Et for that period. Pt' t 
5. PORTABILITY CONSIDERATIONS 
5.1 Software Requirements 
All programs are written in ANSI FORTRAN 77 and should be 
acceptable to any processor supporting this standard. They rely 
quite strongly on some new features of that standard (particularly 
the IF-THEN-ELSE construct and some 1/0 operations), so consider- 
able effort may be required to transform them to conform to the 
old (1966) standard. 
A routine GGUBS from the IMSL program library is used to 
generate random numbers. If this library is not available, rou- 
tine GGUBS can be replaced by any routine generating uniformly 
distributed random numbers in the (0,l) interval. The only call 
to that routine is located in subroutine NEWSER. Changes in the 
random number generator might also affect the usage of the start- 
ing value variable SEED, which is located in the common block 
PARAM. 
Difficulties might arise from using FORTRAN unit numbers 
five and six for communication with the user in the utility pro- 
grams. References to these unit numbers are made in subroutine 
PRTPAR and in main programs LONG, SHORT and VLIST. These should 
be changed if necessary. 
5.2 Hardware 
On the CDC Cyber system, which uses 60 bit arithmetic, 
rounding errors in the generation of migration were below the 
tolerance value of 1.e-7. On a system with a smaller wordlength 
rounding errors may exceed'that value. 
6. POSSIBLE IMPROVEMENTS OF THE SYSTEM 
6.1 Computational Speed 
Computing time of the model is considerable and might become 
unacceptable on slower systems. One possibility to increase the 
computational speed is changing the calculation of demand in rou- 
tine GEMPSV. There, the relative attractiveness is calculated 
as specified in the model as 
Computing lZ+x AU for each pair (x,y) requires 0 (N**3) additions. 
*Y 
Instead, a vector hy = l,Aiy could be computed once and used in 
the calculation of rlzy. In the calculation of gy, hy can be sub- 
u stituted for If +x Agy , as in this case =O, so Axy = 0 and 
x,t 
theref ore 
6.2 Different Geographical Structure of the Network 
The behaviour of the model is influenced by the geographical 
structure of the network via the distance d between two villages. 
XY 
This distance is computed in routine DIST. To specify a differ- 
ent structure, routine DIST should be replaced by a new routine 
which returns the distance of villages in the new network. A 
simple solution would be a routine which keeps all distances in 
a table and uses a DATA statement to initialize that table. 
To represent the new structure of the network in the outputs, 
routine MAP in the utility program set has to be changed to print 
a map of the new network. The programs which use this routine 
assume that two maps fit on a page and might have to be changed 
if the maps become too large. 
I f  t h e  new ne twork  i s  t o  c o n t a i n  more t h a n  3 6  v i l l a g e s , .  t h e  
d i m e n s i o n s  o f  a r r a y s  i n  a l l  r o u t i n e s  have  t o  b e  changed  a c c o r d i n g l y .  
6 . 3 .  D i f f e r e n t  I n i t i a l  S t a t e s  o f  t h e  Model 
The i n i t i a l  s t a t e  o f  t h e  model a s  s p e c i f i e d  i n  2 . 2  is  set 
up by r o u t i n e  I N I T .  To o b t a i n  a  more g e n e r a l  v e r s i o n  o f  t h e  sys -  
t e m ,  r o u t i n e  I N I T  s h o u l d  b e  m o d i f i e d  t o  r e a d  t h e  i n i t i a l  s t a t e  
f rom a  f i l e .  
APPENDIX 
Program listings. 
F T N  5 . 0 + 5 1 8  
PROGRAM S I M  
C  M A I N  PQOCRAM FOR S E T T L E M E N T  NETWCRK S I Y U L A T I O N  
I N T E G E R  T p F I N  
R E A L  P(36),EU(5,36)rEV(2~36)~EU1(5r36)*EVl(2*36) 
R E A L  A L P H A , A I B , K , T A U , ~ O , E U O ( ~ ) , P S I ~ ( ~ , ~ ~ ~ I P S I ~ ~ L A H B D A ( ~ ~ ~ ) , C U ( ~ ) ~  
* D E L ( 2 , 3 6 )  ,DOIGAMMA 
I Y T E G E R  N , N U * N V , T U O ( 5 )  
DOUBLE P R E C I S I O N  S E E D  
COMMON / P A R A M /  S E E D , N I N U ~ N V , A L P H A , A P ~ ~ K ~ T A U I E U O P T U O ~  
* P S I l r  P S I ~ ~ L A M B D A ~ O U I D E L ~ D O P P O ~ G A H ~ A  
S A V E  / P A R A M /  
C  R E A D  S I M U L A T I O N  P A R A M E T E R S  
C A L L  P A Q S E T ( F 1 N )  
C  G E N E R A T E  I N I T I A L  S T A T E  OF RCDEL 
C A L L  I N I T ( P , E U P E V *  E U 1 , E V l )  
C  M A I N  S I E U L A T I O N  LOOP F O R  A L L  P E R I O D S  
DO 5 T = l , F I N  
W R I T E ( * , * )  ' P R O C E S S I N G  T I M E  T m ' r T  
CALL S T E P ( T , P , E U ~ E ' V , E U ~ ~ E V ~ )  
C  OUTPUT 
C A L L  S T O U T ( T , P , E U , E V )  




S U B Q O U T I N E  P A S S E T  7 3 / 7 3  O P T = O  F T N  S . 0 + 5 1 8  
S U R R C U T I N E  P A Q S E T ( F 1 N )  
C T H I S  R O U T I N E  READS THE P A R A P E T E R  F I L E S  AND S T O R E S  THE PARAMETEPS 
C I N  COMMON 9 L O C K  / P A D A M /  
C MOST P A R A M E T E R S  ARE A L S O  U P I T T E V  TO O U T P U T  F I L E  OUT FOR 
C L A T E R  P F I N T I N G  
C H A R A C T E P * B  F l , F t , F 3  
I N T E G E P  I r J , D H ( 3 6 )  
P E A L  W 
R E A L  A L P H A ~ A ~ ~ ~ K ~ T A U ~ P O ~ E U O ( ~ ~ ~ P S I ~ ( ~ P ~ ~ ) ~ P ~ I ~ ~ L A H E D A ( S ~ ~ ) ~ O U ( ~ ) ,  
D E L  ( 2 , 3 6 1  ,DO,GAMMA 
I N T E G E P  N , N U , N V , T U 0 ( 5 ) , F I N  
DOUBLE P R E C I S I O N  S E E D  
C o n n o N  I P A P A M I  S E E D ~ N ~ N U ~ N V ~ A L P H A ~ A ~ B ~ Y ~ T A U ~ E U O B T U C ~  
t P S I ~ ~ P S I ~ ~ L A ~ ~ ~ D A , Q U ~ D E L ~ D O B P O ~ G A ~ ~ ~  
S A V E  I P A R b M t  
O P E N ( U N I T = l , F I L E = ' P A R '  1 
O P E N ~ U N I T = 2 ~ F I L E ~ ~ O U T ~ ~ F O R t l = ~ U N F O R H A T T E D ~ ~  
R E A D ( l r * )  N,NU,NV 
W R I T E ( 2 )  N i N U , N V  
R E A D ( l , * )  ALPHA,DO,A,B 
W R I T E ( 2 )  ALPHA,DO,A,B 
R E A D (  I,*) K # T A U ,  PO 
W R I T E  ( 2  K TAU, PO 
R E A D ( l r * )  ( E U O ( I ) , I a l , N U )  
W R I T E ( 2 )  ( E U O ( I ) , I = l , N U )  
R E A D ( l # * )  ( T U O (  I ) , I = l , N U )  
W R I T E ( 2 )  ( T U O ( I ) ,  I = l r N U )  
R E A D (  1,* W, P S I 2 , G b M M A  
I F ( W * G E * O )  T H E N  
DO 3  I = l , N U  
DO 3 J = l , N  
P S I l ( 1 , J ) r W  
3 C O N T I N U E  
E L S E  
DO 4 I = l , N  
R E A D ( l , * )  ( P S I l ( J , I ) ,  J = l , N U )  
4 C O N 1  I N U E  
W=-1 0 
E N D  I F  
U R I T E ( 2 )  Y , P S I Z ~ G A M H A  
0 0  5 I m 1 , N U  
R E A D ( l , * )  ( L A M B D A ( I I J ) P J ~ ~ ~ N U )  
W R I T E ( 2 )  ( L A N B O A (  I , J ) , J = l , N U )  
5 C O N T I N U E  
R E A D ( l , * )  ( O U ( f ) , I * l , N U )  
W R I T E ( 2 )  ( O U ( I ) , I = ~ P N U )  
DO 1 5  I a 1 , N V  
R E A 0 ( 1 , ' ( F 5 ~ 3 , 1 X , 3 6 1 1 ) ' )  W , ( D H ( J ) , J = l , N )  
DO 10 J = l ? N  
D E L ( I * J ) = w + D H ( J )  
1 0  C O N 1  I N U E  
W R I T E ( 2 )  ( D E L ( I , J l r J * l , N )  
1 5  C O f i T I Q U E  
R E A D ( l , * )  S E E D  
W R I T E ( ? )  S E E D  
R E A O ( l , * )  F I N  
R E T U R N  
END 
S U S R O U T I N E  I N 1  T 7 3 / 7 3  OPT.0 F T N  5 . 0 + 5 1 8  
S U B Q O U T I N E  I N I T ( P Y E U P E V ~ E U ~ Y E V ~ )  
S E A L  P(34),EU(5~36),EV(2,36),EUl(5,36),EV1(2,36) 
I N T E G E R  X  P U P  V  
R E A L  A L P P A ~ A ~ B , Y , T A U , P O , E U ~ ( ~ ) P P S I ~ ( ~ ~ ~ ~ ) ~ P S I ~ ~ L A M B O A (  5 5 1 , 0 U ( 5 )  
* O E L  ( 2 , 3 4 ) , D O t G A M M A  
I N T E G E R  N,NU,YV,  T U 0 (  5 )  
D O U Q L E  P R E C  I S I C N  S E E D  
C O M M O N  / P A R A M /  S E E D , N , N U , N V y A L P H A , A ,  B , K P ~ A U ~ E U O ~ T U O ~  
* P S I l ~ P S I 2 , L A ~ 9 O A ~ Q U , D E L ~ D O ~ P O ~ G A M K A  
S A V E  / P A R A P /  
00 1 5  X n l r N  
C  S A M E  P O P U L A T I O N  F O R  A L L  V I L L A G E S  
C E M P L O Y P E N T  I N  T I H E  -1 I S  0 F O R  A L L  S E R V I C E S  
C  F O R  S E R V I C E S  W I T H  TUO = 0 , E M P L O Y F E N T  Y A Y  B E  S E T  T O  E U O  
C  O T H E R ' d I S E ,  E M P L O Y M E N T  I S  0 
1 F ( T U O ( U )  . E 9 . O )  T H E N  
E U l ( U , X ) = E U O ( U )  
E L S E  
E U l ( U , X I = O * O  
E N D  I F  
C O N T I N U E  
C  E M P L O Y M E N T  I N  O T H E R  S E C T O R S  I S  0 
D O  10 V = l , F J V  
E V 1 V , X ) = O * O  
E V l ( V 9 X )  =O.O 
10 C O N T I N U E  
1 5  C O N T I N U E  
C  P E R F O R M  R A N D O M  O P E N I N G  OF S E R V I C E S  Y I T H  T U O  = 0 
C A L L  N E W S E R ( O , E U I P , E U ~ )  
00 20 X = l , N  
0 C  2 0  U = l , N U  
E U ( U , X ) = E U ~ ( U P X I  
2 0 C O N T I N U E  
C O U T P U T  T F E  S T I T E  A T  T.0 
C A L L  S T O U T ( O , P , E U , E V I  
Q ETUQt., 
E Y D  
S U S R O U T I N E  S T E P  73/73 O P T = O  F T N  5 . 0 + 5 1 8  
S U B R O U T I N E  S T E P ( T , P , E U , E V , E U l , E V l )  
C T R A N S I T I O N  F R O M  T  TO T t 1  
I N T E G E R  T  
R E A L  P ( ~ ~ ) , E U ( S , ~ ~ ) , E V ( Z ~ ~ ~ ) ~ D E U ( ~ ~ ~ ~ ) P D E V ( Z , ~ ~ ) ~  
* E U 1 ( 5 , 3 6 ) r E V 1 ( 2 , 3 6 ) , P 1 ( 3 6 )  
C C H A N G E  E M P L O Y Y E N T  I N  S E R V I C E S  
C A L L  G E M P S V ( T , P , E U , E U l )  
C  R A N O O H I Z b T I O N  O F  O P E N I N G  O F  N E U  S E R V I C E S  
C A L L  N E W S E P  ( T , E U , P , E U l  
C  G E N E R A T E  E M P L O Y M E N T  I N  I N D U S T R Y + I N T E N S I V E  A G R I C U L T U R E  
C A L L  G E M P I I ( T r P , E U , E V r E V l )  
C G E N E R A T E  P O P U L A T I O N  
C A L L  G P ~ P ( T r P t E U , E U l r E V ~ E V l , P 1 )  
C U P D A T E  S T A T U S  V E C T O R S  
C A L L  U P D T ( T , E U , E U ~ ~ E V P E V ~ ~ P P P ~ )  
R E T U R N  
E N D  
S U S R O U T I N E  S T O U T  73/73 O P T 8 0  
S U B R O U T I N E  S T O U T ( T , P r E U , E V I  
C  W R I T E  T H E  S T A T U S  V E C T O R S  T O  O U T P U T  F I L E  
F T N  5 . 0 + 5 1 8  
I N T E G E R  T  
R E A L  F ( 3 6 ) r E U ( 5 ~ 3 6 ) , E V ( 2 , 3 6 1  
W R I T E ( 2 )  T r P , E U , E V  
R E T U R N  
E N D  
j U Q R @ U T I Y E  G E H P S V  7 3 / 7 3  O P T = O  F T N  5 . 0 + 5 1 8  
S U B R O U T I N E  G E M P S V ( T I  PI EUI E l  
C  T H I S  S U B R O U T I N E  C O P P U T E S  T H E  E Y P L O Y M E N T  I N  S E R V I C E S  
C  A T  T I M E  T + 1  
C  I N P U T :  S T A T E  V A R I b B L E S  P AND EU A N D  T I ' I E  T  
C  O U T P U T :  E M P L O Y M E N T  AT T + l  S T 0 9 E D  I N  E l  
C  N O T E  T H A T  E l  W I L L  C O N T A I N  T H E  P O S S I B L E  L E V E L  
C  O F  EPPLOYf'ENT FOR F P E N I N G  O F  NEW S E R V I C E S  
C  R A N O O n T Z A T I O N  OF O P E N I N G  I S  D O N E  B Y  N E W S E R  
C  U H I C P  W I L L  4 E  C A L L E D  A F T E R W A R D S  
I N T E G E R  T,U,UB,X, XO,Y 
R E A L  P ( 3 b ) , E U ( 5 , 3 6 ) , E 1 ( 5 1 3 0 )  
R E A L  Z ~ , A T T R ( ~ ~ ~ ~ ~ ) , ~ S ( ~ ~ ~ ~ ~ ) ~ S ~ ~ S ~ P H ~ E E , L I ~ I T ~ D I S T ~ D  
R E A L  A L P H A ~ A ~ 8 ~ K t T A U , P O ~ E U 0 ( 5 ) ~ P S I 1 ( 5 ~ 3 b ) ~ P S T 2 ~ L A ~ B O A ( 5 ~ 5 ) ~ O U ( 5 ) ~  
* D E L ( 2 , 3 b ) , D O , G A n M A  
I N T E G E R  N ,NU,NV ,TUO(S)  
D O U B L E  P Q E C I S I O N  S E E D  
COf lMON / P A R A H /  S E E D , N , N U t K V , A L P H A , A ,  B , K j  TAU,  E U O t  T U O ?  
P S I l , P S I 2 ~ L A ~ 8 D A , O U , O E L , D O , P O , G A ~ M A  
S A V E  / P A R A M /  
C  T H E R E  A R E  3  C A S E S  FOR T  < r a , >  T U O  
C  T H E  H O S T  T W P C R T A N T  C A S E  I S  T  > T U O  
I F ( T * G T . T U O ( U ) )  T H E N  
C C O M P U T I E  A T T R A C T I V E N E S S  A T T R  AND P O S S I B L E  A T T R A C T I V E N E S S  AS 
C F O R  E A C H  P A I R  O F  V I L L A G E S  <X ,Y>  
D O  15 X = l , N  
Z 1 = 0 * 0  
00 5 U B = l t N U  
I F ( U B . E O . U )  T H E N  
Z l = Z l + E U  (U,X 
E L S E  
Z ~ = Z ~ + L A M B D A ( U B P U ) * E U ( U B , X ~  
E N D  I F  
C O N T I N U E  
DO 10 Y = l , N  
D = D f S T ( X , Y )  
I F ( D m L E a D 0 )  T H E N  
A T T R ( X , Y ) = Z l / ( D * * A L P H A )  
I F ( E U ( U , X ) . E O . O * O )  A T T R ( X , Y ) = O m O  
AS[X,Y)=(Zl+EUO(U))/(D**ALPHA) 
E L S E  
A T T R ( X , Y  1 ~ 0 . 0  
4 s  (X,Y 1.0.0 
E N D  I F  
10 C g N T I N U E  
1 5  C O N T I N U E  
c C O M P U T E  R E L A T I V E  A T T ~ A C T I V E N E S S  E T A  AND F P n r  IT THE 
C R E Q U I R E D  L E V E L  OF  E B P L O Y E E N T  E E  
SUSROUT I N E  GEMPSV 73/73 O P T 8 0  FTN 5 . 0 + 5 1 8  
DO 3 0  X * l , N  
S2.O. 0  
DO 2 5  Y = l , N  
51.0.0 
DO 2 0  XBm1,N 
I F ( X B . N E . X )  S l = S l + A T T P ( X B , Y )  
CONTINUE 
IF(EU(U,X).NE.O.O) THEN 
H =  ATTR ( XI Y )  
ELSE 
H = A S ( X , Y )  
END I F  
IF (H.GTIO.O)  S 2 = S 2 + P ( Y ) * Q U ( U ) * ( H / ( S 1 + H ) )  
2  5  CONT I N U E  
E E = E U ( U , X ) + A * ( S Z - E U ( U , X ) )  
C  CHECK TF THE S E R V I C E  W I L L  BECOME TO SHALL AND HAS TO BE SHUT 
C  OR I F  THE L E V E L  OF DEMAND I S  TO SHALL  TO OPEN 4 NEW S E R V I C E  
LIYIT=EU?I(U) 
I F ( E U ( U I X ) . G T . O . O I  L I P I T ~ B * L I H I T  
I F ( E E . L T . L I M I T )  EE.O.0 
E l  ( U P  X 1 SEE 
CONTINUE 
C  %ASE 2 :  T  = TUO 
C  I N  T H I S  CASE, E l  I S  SET TO EUO FOR ALL V I L L A G E S  
C  R A N D O M I Z A T I O N  OF OPENING W I L L  BE DONE BY ROUTINE  NEYSER 
E L S E  I F ( T . E O . T U O ( U ) I  THEN 
0 0  3 3  X m l r N  
E 1 ( U I X ) = E U O ( U )  
3 3 CONT I N U E  
C  CASE 3 :  T  ( TUO 
C  EMPLOYMENT W I L L  BE K E P T  AT L E V E L  ZERO 
E L S E  
DO 3 5  Xm1,N 
E1 (U ,X )=O.O  
3  5  CONTINUE 
END I F  
4 0  CONT I N U E  
RETURN 
END 
S U P R O U T  I N  E GEMP I I 7 3 / 7 3  OPT.0 F T N  5 * 0 + 5 1 8  
S U S R O U T I N E  G E H P I I ( T J P P E U , E V , E ~ )  
C  T H I S  S U B R O U T I N E  C O M P U T E S  T H E  E R P L O Y M E N T  I N  I N T E N S I V E  A G R I C U L T U R E  
C  AND I N D U S T R Y  
C  I N P U T :  T I M E  T  AND S T A T E  V A R I A B L E S  P  E U  E V  
C  O U T P U T :  E V  AT T I M E  T + l  S T O R E D  I N  E l  
I N T E G E R  XI UI V P  T  
R E A L  P ( 3 6 1 ~ E U ( 5 , 3 6 ) r E V ( 2 ~ 3 b ) ~ O E V ( 2 ~ 3 b ) ~ E l ( 2 * 3 6 ) * S  
C  D E C L A R A T R I G N  OF KCIDEL P A R A M E T E R S  A N D  T H E I R  C C F Y C N  9 L O C K  
P E A L  A L P H A ~ A P B ~ K * T A U I P O P E U ~ ( ~ ) ~ P S I ~ ( ~ ~ ~ ~ ) ~ P S I Z ~ L A ~ ~ B D A ( ~ ~ ~ ) P O U ~ ~ ) Y  
* D E L ( 2 , 3 6 ) r D O , G A M M A  
I N T E G E R  N P N U , Y V P T U O ( S )  
D O U B L E  P R E C I S I O N  S E E D  
COMEON / P A R A M /  S E E D , N , N U , N V , A L P H A P A ~ ~ ~ K ~ T A U I E U O P T U O ~  
* PS I 1 9 P S I Z t  L A M B D A ,  O U *  D E L *  D O * P O * G A f l M A  
S A V E  / P A R A M /  
C  C O M P U T E  U N E n P L O Y E D  L A B O U R  F C R C E  
C  AS P O P U L A T I G N / F A n I L Y S I Z E  - E M P L O Y H E N T ( S E S V I C E )  - E M P L O Y f l E N T ( S E C T )  
S  = 0 0 
DO 1 5  X = l , N  
S = S + P ( X ) / K  
DO 5 U = l , N U  
S = S - E U ( U I X )  
5 C O N T I N U E  
DO 10 V = l , N V  
S = S - E V ( V , X  1 
10 C O N T I N U E  
1 5  C O N T I N U E  
C  S P R E A D  AMONG S E C T O R S  
DO 2 0  V = l , N V  
DO 2 0  X m l r N  
D E V ( V , X ) = D E L ( V , X ) * S  
E l ( V , X ) = E V ( V , X ) + D E V ( V j X )  
2  0 C O N T I N U E  
RE T U R N  
E N D  
S U " Q O U T I N E  GPOP 7 3 / 7 3  O P T - 0  - 3 1 -  F T N  5 . 0 + 5 1 9  
C  C O M P U T E  P O P U L A T I 3 N  AT T I F l E  T + 1  
I N T E G E R  T,U,V, X  
R E A L  D E U ( 5 , 3 6 ) , D E V ( 2 , 3 6 ) ~ P ( 3 6 ) * P 1 ( 3 6 ) * M s ( 3 6 ) * G A f l l * p S ( 3 6 ) *  
* P T S , S M P M X , S , E U ( ~ , ~ C ) P E U ~ ~ ~ ~ ~ ~ ) ~ E V ( ~ ~ ~ ~ ) I E V ~ ( ~ ~ ~ ~ )  
R E A L  A L P H A , A ~ ~ , K , T A U , P O , E U O ( ~ ) ~ P ~ I ~ ( ~ ~ ~ ~ ) P ~ ~ I ~ ~ L A N B D A ( ~ P ~ ) P O U ( ~ )  
* D E L ( 2 , 3 6 1 , D O , G A Y M A  
I N T E G E R  N , N U p N V , T U O ( S )  
D O U B L E  P Q E C I S I C N  S E E D  
COMMON / P A R A M /  S E E D , N , N U , N V , A L P H A ~ A ~ ~ ~ K ~ T A U ~ E U O ~ T U O ~  
P S 1 1 , P S 1 2 , L A M 8 D A p Q U ~ D E L ~ D O p P O p G A f l ~ A  
S A V E  / P A P A H /  
C  C O f l P U T E  C H A N G E S  I N  E M P L O Y M E N T  
DO 4 X m l r N  
DO 2  U = l , N U  
D E U ( U , X ) = E U l ( U p X  1 - E U ( U p X )  
2 C O N T I N U E  
D O  3 V = l r N V  
D E V ( V B X ) = E V ~ ( V P X ) - E V ( V I X )  
3 C O N T  I N U E  
4 C O N 1  I N U E  
C  C O M P U T E  P O S S I B L E  . Y I G R A T I O N  AND SUMS 
PTS=O.O 
SM=O.O 
G A M l = O w O  
DO 1 5  X = l * N  
S.0.0 
DO 5 U - 1 r N U  
S = S + D E U ( U , X )  
5 C O N T I N U E  
D O  1 0  V m l r N V  
S.S+DEV(V,X)  
10 C O N T I N U E  
M S ( X ) = K * S  
P S ( X ) = P ( X ) - H S ( X )  
P T S = P T S + P S ( X )  
CAM l = G A M  l t H S  ( X  
1 5  C O N T I N U E  
G A H l . G A Y 1  / P T S  
C  C O K P U T E  A C T U A L  M I G R A T I O N Y  NEW P O P U L A T I O N  
C  A N D  SUM OF M I G R A T I O N  F L O W S  
S Y  -0  .O 
DO 2 0  X = l , N  
M X = M S ( X ) - G A M l * P S ( X )  
SM= S M + F X  
P l ( X ) = ( ? . O + T A U ) * P ( X ) + M X  
Z 0 C O N T I N U E  
C  C H E C K  I F  M I G R A T I O N  F L O W S  S U R  U P  T O  Z E R O  
I F ( A B S ( S W ) . G T . l . E - 7 )  W R I T E ( * , * )  ' P I G P A T I O H  E2RGPpSUM. ' ,SM 
RETURPI  
E N D  
S U B 2 O U T I N E  U P D T  7 3 / 7 3  O P T S O  F T N  5 . 0 + 5 1 8  
S U B R O U T I N E  U P D T ( T ~ E U P E U ~ I E V , E V ~ P P P P ~ )  
C  HOVE THE S T A T U S  VECTORS OF T + l  ( E U l , E V l , P l )  
C  T O  T H E  C U R R E N T  S T A T U S  VECTORS EU, EV AND P  
I N T E G E R  T t  X,Ut V  
R E A L  E U ( 5 ~ 3 6 ) t E U 1 ( 5 t 3 6 ) , E V ( 2 j 3 6 ) ~ E V l ( t ~ 3 6 ) ~ P ( 3 b ) ~ P l ( 3 6 )  
R E A L  A L P ~ ~ ~ A ~ Q , K ~ T A U I P O P E U ~ ( ~ ) , P S I ~ ( ~ ~ ~ ~ ~ ~ P ~ I Z ~ L A M ~ D A ~ ~ I ~ ~ ~ O U ~ ~ ~ ~ ~  
* D E L ( ~ ~ ~ ~ ) P D O P G A M ~ A  
I N T E G E R  N , N U , N V P T U O ( ~ )  
DOUOLE P R E C I S I O N  S E E D  
COMMON / P A R A H /  S E E O ~ N , N U P N V ~  A L P H A P A P  B j K 9 T A U p  EUO? TUO, 
* P S I ~ ~ P S I ~ ~ ~ A H B O A ~ Q U P D E L P D O ~ P O ~ G A M M A  
SAVE / P A R A M /  
DO 1 5  X = l y N  
P ( X ) = P l ( X )  
DO 5 U ~ ~ P N U  
E U ( U P  X I = E U l ( U t  X )  
5 C O N T I N U E  
D O  1 0  Vw1,NV 
E V ( V P X ) = E V ~ ( V , X )  
10 C O N T I N U E  
1 5  C O N T I N U E  
R E T U R N  
E N D  
S U B R O U T I N E  NEWSER 7 3 / 7 3  O P T - 0  F T N  5 . 0 + 5 1 8  
S U B R O U T I N E  NEWSER (T ,  EUI P, E U 1 )  
C  R A N D C M I Z E D  O P E N I N G  OF S E R V I C E S  
C  I N P U T :  T I , w E  T *  O L D  S T A T E  EU AND P  
C  P O S S I B L E  L E V E L  OF S E R V I C E S  I N  E l  
C  OUTPUT:  NEW L E V E L  OF S E Q V I C E S  I N  E l *  WHERE O P E N I N G S  O F  N E U  
C  S E R V I C E S  ARE DROPPED RANDOMLY FROM P R E V I O U S  E l  
I N T E G E R  N R ~ U ~ X P T ~ U U  
R E A L  P ( 3 6 ) r E U ( 5 9 3 6 ) r E U 1 ( 5 t 3 6 ) 9 R R ~ R X ( 3 6 ) ~ R ( l ) ~ P R O B  
R E A L  A L P H A ~ A ~ B ~ K ~ T A U ~ P O ~ E U 0 ( 5 ) ~ P S I 1 ( 5 ~ 3 6 ~ ~ P S I 2 ~ L A H B D A ~ 5 ~ 5 ~ ~ O U ~ 5 1 ~  
D E L  ( 2 9 3 6  1 ,  D0,GAMHA 
I N T E G E R  N I N U P N V P T U O ( ~ I  
DOUSLE P R E C I S I O N  S E E D  
COMMON / P A R A H /  SEED,N,NUpNV,ALPHA# A9 B P K P T A U # E U O I T U O V  
P S I ~ , P S I Z , L A M B D A P Q U T D E L ~ D O ~ P O ~ G A M M A  
S A V E  / P A R A M /  
NR.1 
DO 1 5  U - l t N U  
C  O P E N I N G  F A Y  OCCUR O N L Y  A T  T  ' TUO 
I F ( T * G E . T U O ( U )  1 T H E N  
C  CORPUTE P R O B A B I L I T Y  Y O D I F I E R  TERM FOR V I L L A G E S  
RR-0 .0  
DO 5 X * l , N  
RX ( X  1.01 0  
DO 3 U U = l , N U  
R X ( X ) = R X ( X ) + E U ( U , X )  
3 C O N 1  I N U E  
R R = R R + P ( X  ) t G A F f l A * R X ( X  1 
5 C O N T I N U E  
C  U S E  D I F F E R E N T  P S I  FOR T - T U O  AND L A T E R  
I F ( T . E O * T U O ( U I )  T H E N  
P R O B = P S I l ( U , X ) * N * ( P ( X I + G A M M A * R X ( X ) ) / R R  
E L S E  
P R O B = P S I Z * H * ( P ( X ) t G A M M A * R X ( X ) l / R R  
E N D  I F  
C  S U B J E C T  TO R b N D O R I Z A T ? O N  I F  E U  = 0 
C  ( I . € *  I F  I T  I S  AN O P E N I N G  AND NOT A  M O D I F I C A T I O N  OF S E R V I C E )  
C b L L  G G U B S ( S E E D 9 N R , R )  
I F ( R ! ~ ) . G E . P R O ~ . A K O ~ E U ( ? ~ P X ) ~ E Q ~ O ~ O )  E U l ( U , X ) = O . O  
1 0  C O N T I N U E  
END I F  
1 5  C O N T I N U E  
R E T U P N  
END 
F U N C T I O N  D I S T  7 3 / 7 3  0PT.O F T N  5 * 3 + 5 1 8  
R E A L  F U N C T I O N  D I S T (  I ,J  1 
C  T H I S  F U N C T I O N  I S  U S E D  TO C O H P U T E  T H E  D I S T A N C E  B E T W E E N  TWO 
C  V I L L A G E S  I N  T H E  N E T W O R K  
I N T E G E R  I,J,Il,Jl,XlrX2,Yl,YZtDX~DY 
C  T H E  D I S T A N C E  W I T H I N  A  V I L L A G E  I S  S E T  T O  0.4 
I F ( I a E 0 . J )  T H E N  
D I S T . 0 . 4  
R E T U R N  
C  C O M P U T E  T H E  D I S T A N C E  B E T W E E N  D I F F E R E N T  V I L L A G E S  
E L S E  
11.1-1 
J 1 . J - 1  
C  X 1  I S  T H E  ROW N U M B E Q  O F  V I L L A G E  1, Y 1  I T S  C O L U M N  N U M e E R  
c N O T E  T H A T  V I L L A G E S  A R E  A T  O D D  c o L o u n N s  IN E V E N  S O W S  A N D  A T  
C  E V E N  C O L O U H N S  I Y  O D D  ROWS 
C  COWPUTE D I S T A N C E S  I N  ROWS AND C n L O U P N S  
C  O N L Y  C O L O U f l N  D I S T A N C E S  > ROW D I S T A N C E  A R E  OF I N T E R E S T  a E C A U S E  
C  S M A L L E R  ROW D I S T A N C E S  C A N  B E  C R O S S E D  B Y  M O V I N G  D I A G O N A L L Y  
C  C O R R E C T  F O R  T H E  F A C T  T H A T  C O L O U M N  D I S T A N C E S  A R E  NOW 2*ROW D I S T A N C E S  
C  B E C A U S E  O F  T H E  O D D / E V E N  C O L O U f l N  L O C A T I O N  O F  V I L L A G E S  
C  D I S T A N C E  B E T W E E N  TWO A D J A C E N T  V I L L A G E S  I S  4  KF 
D I S T = 4 . 0 * (  D X + D Y )  
R E T U Q N  
E N D  I F  
E V  0 
P R O G R A H  A L L V L  73/73 O P T = O  F T N  5 . 0 t 5 1 8  
PROGRAM A L L V L  
I N T E G E R  T P N P I  
R E A L  P ( 3 6 ) r E U ( 5 r 3 6 ) 9 E V ( 2 9 3 6 ) 9 S  
C A L L  P R T P A R  
DO 1 5  N = l 9 ? 6  
W R I T E ( ~ I ' ( " ~ " , A I I ~ I ' )  ' T I H E  P A T H  F O R  V I L L A G E ' s N  
W Q I T E (  2 9  1 0 1 )  
W R I T E ( 2 9 1 0 2 )  1 9 2 9 3 9 4 9 5 , 1 9 2  
R E A D ( l , E N O = 9 0 )  T ~ P I E U I E V  
5.0.0 
00 7 1 i 1 9 5  
S = S + E U ( I 9 N )  
C O N T I N U E  
W R I T E ( 2 r 1 0 3 )  T ~ P ( N ) ~ ( E U ( I , N ) ~ I ~ ~ P ~ ~ ~ S ~ ( E V ( I ~ N ) ~ I = ~ , ~ )  
G O T 0  5 
R E W I N O  1 
DO 1 0  I = l 9 1 5  
R E A D  ( 1 )  
C O N T  I H U E  
C C J N T I N U E  
S T O P  
F O R M A T (  / / 5 2 X 1  ' E P P L O Y F E N T  I N  S E P V I C E '  
* ~ ~ ~ X P ' E M P L O Y M E N T  I N  S E C T O R ' )  
F O R H A T  ( ' T I M E  P O P U L A T I O N  ' ~ 1 9 9 4 1 1 3 9 '  
F O R H A T ( I 1 0 9 9 G 1 3 . 6 )  
E N D  
SUM ' r  2 1  1 3  1 
PROGPAM L O N G  7 3 / 7 3  O P T = O  F T N  5 . 0 + 5 1 8  
P R O G R A M  L O N G  
C C O Y P L E T E  S E T  O F  M A P S  ( P O P U L A T I O N ,  S E R V I C E S J  C T H E R  S E C T O P S I  
I N T E G E R  T,X*U,V, I 
R E A L  P(36)rEU(5~3S)rEV(2~36),VAL(36) 
C  P E R F O R M  I b l I T I A L I  Z A T I O N  
C A L L  P R T P A R  
W R I T E ( 6 r * )  ' E N T E R  P R I N T  I N T E R V A L :  ' 
R E A D ( 5 , * )  I 
C  L O O P  F O R  A L L  T I V E  P E R I O D S  
5  R E A D  (1, E N D = 9 0 )  T P P P E U P  E V  
I F ( H O D ( T , I ) . N E . O )  G O T 0  5  
C  M A P  O F  P O P U L A T I O N  
W R I T E ( 2 1  ' ( " 1 " , 4 ,  1 5 ) ' )  P O P U L A T I O N  A T  T I M E  ' r T  
C A L L  M b P ( 3 6 r P )  
i M A P S  O F  S E R V I C E S  
DO 1 5  U = 1 , 5  
I F ( M O D ( U ~ Z ) . E O . l )  U R I T E ( 2 , ' ( ' ' 1 " ) ' )  
DO 10  X w l r 3 6  
V A L ( X ) = E U ( U , X )  
10  C O N T I N U E  
W R I T E ( Z , * )  ' E M P L O Y M E N T  I t i  S E R V I C E  ' r U , '  A T  T I M E  ' , T  
C A L L  M A P ( 3 6 r V A L )  
1 5  . C O N T I N U E  
C  M A P S  O F  O T H E R  S E C T O R S  
W R I T E ( t , ' ( " l " ) ' )  
DO 2 5  V w l r 2  
DO 2 0  X.1936 
V 4 L  ( X  ) = E V  (V,X 
2  0 C O N T I N U E  
U R I T E ( Z J * )  ' E M P L O Y M E N T  I N  S E C T O R  ' r V , '  A T  T I M E  ' P T  
C A L L  M A P ( 3 6 , V A L )  
2 5 C O N T I N U E  
G O T 0  5 
9 0 S T O P  
END 
P R O G R A M  S H O R T  73/73 O P T = O  F T N  5 . 0 + 5 1 8  
P R O G R A M  S H O R T  
C  S H O R T  H A P S  ( P O P U L A T I O N  A N D  O T H E R  S E C T O R S )  
C  U S E D  F O R  T H E  B A S E  S O L U T I O N  
I N T E G E R  T,X,U,V,I 
R E A L  P ( ~ ~ ) P E U ( ~ , ~ ~ ) P E V ( ~ P ~ ~ ) P V A L ( ~ ~ )  
C  P E R F O R 8  I N I T I A L I Z A T I O N  
C A L L  P R T P A R  
W R I T E (  6,*) ' E Y T E R  P R I N T  I N T E P V A L :  ' 
R E A D ( 5 , * )  I 
C  L O O P  F O R  A L L  P E R I O D S  
5 R E A D ( l p E N D = 9 0 )  T,P,EU,EV 
I F ( M O D ( T , I ) * N E * O )  G O T 0  5  
W R I T E ( 2 , ' ( " 1 " , A , I 5 ) ' )  1 P O P U L A T I O N  A T  T I M E  ' 9 1  
C  M A P  O F  P O P U L A T I O N  
C A L L  R A P  ( 3 6 ,  P  
W R I T E ( Z ~ ' ( " 1 " ) ' )  
C  H A P S  O F  O T H E R  S E C T O R S  
D O  2 5  V = 1 , 2  
D O  2 0  X = 1 , 3 6  
V A L t X  ) = E V ( V , X  1 
2 0 C O N T I N U E  
W R I T E ( Z , * )  ' E M P L O Y M E N T  I N  S E C T O R  ',V,' A T  T I M E  ' 9 1  
C A L L  M A P  ( 3 6 ,  V A L  1 
2 5 C O N T I N U E  
G O T O  5  
90 S T C P  
E N  0 
-38- 
PROGRAY S U M R Y  7 3 / 7 2  O P T = O  F T N  5 * 0 + 5 1 8  
PROGRAM SUYRY 
C  S U B H A R Y  C U T P U T  FUR THE WHOLE S Y S T E M  
I N T E G E R  f , I ,J 
R E A L  P ( ~ ~ ) ~ P S , E U ( ~ * ~ ~ ) P E U S ( ~ ) P E V ( ~ ~ ~ ~ ) ~ E V S ( ~ ) ~ S ~ O U ( ~ )  
COFHON / P A R A M /  CU 
C  PERFORM I N I T I A L I Z A T I O N  
C A L L  P R T P A R  
W R I T E ( 2 r ' ( " l " 9 A l ' )  ' T I M E  P A T H  FOR T H E  WHOLE S Y S T E Y '  
U R I T E ( 2 , l O l )  
U R I T E ( 2 , 1 0 2 )  1 , 2 , 3 , 4 r 5 , l r 2  
C  T I M E  P A T H  F O R  THE S Y S T T M  
5 P E A D ( l , E N D = 2 5 )  T,PPEU,EV 
DO 10 1 . 1 ~ 5  
E U S ( I ) . O . O  
10 C O N T I N U E  




DO 2 0  J . 1 9 3 6  
DO 1 5  1.195 
E U S ( I ) = E U S ( I I + E U ( I , J )  
S r S + E U (  11 J  
1 5  C O N T I N U E  
E V S ( ~ ) . E V S ( ~ ) + E V ( ~ P J )  
E V S ( 2 ) = E V S ( t ) + E V ( 2 r J )  
P S = P S + P ( J  
2  0 C O N T I N U E  
U R I T E ( 2 r ' ( I l 0 ~ 9 G 1 3 ~ 6 ) ' )  T ~ P S I ( E U S ( J ) ~ J = ~ # ~ ) # S ~ ( E V S ( J ) ~ J ~ ~ ~ ~ ~  
G O T 0  5  
2  5 C  ONT I NUE 
R E W I N D  1 
DO 3 0  1 . 1 ~ 1 5  
R E A D ( 1 )  
3  0 C O N 1  I N U E  
U R I T E ( Z , ' ( " l " * b ) ' )  ' D E M A N D  S b T I S F A C T I O N  C O E f F f C I E N f S '  
U R I T E ( 2 , ' ( / A / ) ' )  ' TIVE C O E F F I C I E N T S  ' 
3  5  R E A O ( l p E N D . 9 0 )  T,P,EU,EV 
00 4 0  1 .195  
E U S ( I ) = O . O  
4  0 C O N 1  I N U E  
PS.O.0 
00 5 0  J . 1 ~ 3 6  
P S = P S + P (  J )  
DO 4 5  1 .195  
E U S ( I ) = E U S ( I ) + E U ( I P J )  
4 5 C O N 1  I N U E  
5 0 C O N T I N U E  
F T N  5 . 0 + 5 1 8  
DO 5 5  I s 1 9 5  
E U S ( I ) = E U S ( I ) / I P S * O U ( I ) )  
5 5 C O N T I N U E  
W R I T € ( 2 t ' ( I l O t 5 G 1 3 . 6 P )  T , ( E U S ( I ) > I = l r S )  
G O T 0  3 5  
9 0 S T  0 P 
101  F O R M A T ( 1 / 5 2 X t 9 E M P L O Y n E N T  I N  S E P V I C E *  
9 3 2 X t  ' E M P L O Y V E N T  I N  S E C T G P ' )  
1 0 2  F O R M A T ( '  T I H E  P O P U L A T I O N  ' t  1 9 t 4 1 1 3 * '  SUM 
EN 0 
D R O G R A ' I  V L I S T  7 3 / 7 3  O P T S O  F T N  5 . 0 + 5 1 8  
P R O G S A M  V L I S T  
C T I ' I E  P A T H  FOR O N E  V I L L A G E  
I N T E G E R  T 9 N 9  I 
R E A L  P ( 3 6 ) ~ E U ( 5 , 3 6 ) , E V ( Z , 3 6 1  
C P E R F O R M  I N I T I A L I Z A T I O N  
W R I T E ( O , * )  ' E N T E R  V I L L A G E  N U M B E R :  ' 
R E A D ( 5 r * )  N  
C A L L  P R T P A R  
C  P R I N T  P A G E  H A E O I N G  
W R I T E ( ~ P ' ( ~ ' ~ " , A P I ~ ~ ' )  ' T I M E  P A T H  F O R  V I L L A G E 1 ~ N  
W R I T E (  Z Y  101 )  
W R I T E ( 2 , 1 0 2 )  l r Z r 3 , 4 , 5 ~ 1 , 2  
C L O O P  F O R  A L L  T I M E  P E R I O D S  
c sun OF S E R V I C E S  
W R T T E ( Z j l 0 3 )  T , P ( N ) j  ( E U : I , N ) j I ~ l j 5 ) ~ S ~ ( E V ( I ~ N ) ~ I ~ 1 ~ 2 )  
G O T 0  5  
9 0 S T O P  
101  F O R Y A T ( / / 5 2 X j ' E y P L O Y V E N T  I N  S E P V I C E '  
* 9 3 2 x 9  E t f P L O Y t l E N T  I N  S E C T O S '  1 
1 0 2  F O S M A T ( '  TIME P O P U L A T I O N  1 1 1 9 , 2 1 1 3 1 ~  sun r r s ~ 1 3  
1 0 3  F O Q N A T  ( / 1 1 0 , 9 G 1 3 . 6 )  
E N D  
S U Q R O U T I N E  MAP 7 3 / 7 3  O P T = O  
S U B R O U T I N E  M A P ( N I V A L )  
C P R I N T  A MAP OF THE VALUES PASSED I N  VAL 
I N T E G E R  N,  1 ,  J 
REAL V A L ( 3 6 )  
W R I T E ( ~ P ' ~ / / ) ' )  
DO 5 I = O , ( N / 6 ) - 1  
I F ( M O D ( I , 2 ) . E O . O )  THEN 
W R I T E ( 2 , l O l )  I V A L ( b * I + J ) , J + l , b )  
E L S E  
w R I T E ( 2 ~ 1 0 2 )  I V A L ( b * l + J ) , J = l r b )  
END I F  
5 C O N T I N U E  
W R I T E ( ~ P ' ~ / / I ' )  
1 0 1  F O R M A T ( / / T ~ O P ~ G ~ ~ . ~ )  
102 F O R M A T ( / / T Z 0 , 6 G l 5 . 6  
RETURN 
END 
F T N  5 . 0 + 5 1 8  
S U R R O U T I N E  P R T P A Q  7 3 / 7 3  0PT.O F T N  5 . 0 + 5 1 8  
S U B R O U T I N E  P R T P A R  
C  R E A D  AMD P R I N T  T H E  P A R A P E T E R  P A R T  O F  T H E  R E S U L T  F I L E  
C H A P A C T E R * P  F l p F 2  
I N T E G E R  I P J  
R E A L  A L P H A ~ A P B P K P ~ A U P P O , E U ~ ( ~ ) , P S I ~ ~ P S I Z ~ L A ~ B D A ~ ~ ~ ~ ~ ~ O U ~ ~ ~ ~  
* O E L ( 2 9 3 6 1 ,  D O P G A H H A  
I N T E G E R  M,NU,NV, I N T Y P , T U O  ( 5  
D O U B L E  P R E C I S I C N  S E E D  
COHMON / P I P A H /  O U  
S A V E  / P A R A H /  
Y R I T E ( b , * )  ' E N T E R  R E S U L T  F I L E  N A M E :  ' 
R E A D ( 5 , * )  F 1  
O P E N ( U N I T ~ l ~ F I L E ~ F 1 ~ F C R M = ~ U N F O P M A T T E D ~ )  
R E W I N D  1 
W R I T E ( b , * )  @ E N T E R  L I S T  F I L E  N A F E :  1 
R E A D ( 5 , * )  F 2  
O P E N ( U N I T = Z , F I L E * F Z )  
W R I T E ( 2 ,  ' ( A ) ' )  '1 S E T T L E M E N T  N E T W O R K  M O D E L  
W R I T E ( Z , ' ( A / ) ' )  10 S E T T I N G  O F  P A R A E E T E P S :  1 
R E A D ( 1 )  N,NU,NV 
W R I T E ( 2 , * )  ' NR O F  V I L L A G E S :  ' P N  
Y R I T E ( 2 , * )  NR O F  S E R V I C E S :  ' ,NU 
U R I T E ( 2 , * )  ' NR O F  O T H E R  S E C T O R S :  ' P N V  
W R I T E ( Z , * )  
R E A D  (1  A L P H A ,  001 A 9  0 
V R I T E ( Z , * )  ' S P A C E  Y E I G H T  A L P H A !  ' , A L P H A  
W R I T E ( 2 , * )  ' I N F L U E N C E  R A N G E  D O :  ' * D O  
Y R I T E ( 2 , * )  ' R E A C T I O N  L E V E L  A: ',A 
W R I T E ( 2 , * )  ' C L O S I N G  L E V E L  8: ' 9  8 
W R I T E ( Z , * )  
R E A D ( 1 )  K , T A U T P O  
W R I T E ( Z , * )  ' F A M I L Y  S I Z E  K :  ' , K  
W R I T E ( Z , * )  ' P O P U L A T I O N  GROWTH R A T E  ' , T A U * 1 0 0 . 0 , @  t '  
W R I T E ( 2 , * )  ' I N I T I A L  P O P U L A T I O N  S I Z E :  ', P O  
W R I T E ( 2 , * )  
R E A D ( 1 )  ( E U O ( I ) , I = L T N U )  
W R I T E (  2 , 1 0 1  ' I N I T I A L  S E R V I C E  S I Z E S :  ' , ( E U O ( I ) , I = l , N U )  
R E A D ( 1 )  ( T U O ( 1  1 ,  I = l , N U )  
U R I T E ( 2 , * )  ' S T A R T I N G  T I M E S :  ', ( T U O I I ) , I = l , N U )  
Y R I T E ( Z , * )  
R E A O ( 1 )  P S I l , P S I 2 , G A ~ H b  
W R I T E ( 2 , * )  1 P R O B A B I L I T Y  L E V E L  P S I 1 :  ' , P S I 1  
W R I T E ( 2 , * )  ' P R O B A B I L I T Y  L E V E L  P S I ? :  @ , P S I 2  
W R I T E ( 2 , * )  ' C L U S T E R I N G  GAf lMA :  ' ,GAMHA 
DO 5  I = l , N U  
R E A D ( 1 )  ( L A H B D A ( I , J ) r J = l , N U )  
5  C O N T I N U E  
P E A O ( 1 )  ( O U ( I ) , I * l , N U )  
Y R I T E ( 2 , l O l )  1 E M P L O Y F E N T / D E M A N D  U N I T :  ' 9  ( O U  (I 1 ,  I = l , N U )  
DO 1 5  I = l , N V  
Q E A O ( 1 )  ( D E L ( I , J ) , J = l , N )  
1 5  C O N 1  I N U E  
R E A D ( 1 )  S E E D  
1 0 1  F ' 7 p v A T (  A, t G 1 5 . 6 )  
R E T U Z N  
E N D  
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